Background: The introduction of circular staplers into colorectal surgery has revolutionized anastomotic techniques stretching the limits of sphincter preservation. Data on the double-stapling technique (DST) has been widely published in the West where the incidence of colorectal cancer is high. However studies using this technique and their results, in the Indian scenario, as well as the rest of Asia, have been few and far between.
Background
Rectal cancer in India is a disease that has been fairly constant in incidence over the last few years. On the other hand, the incidence of colon cancer is increasing [1] . However, the notable trends have been the high incidence of these cancers in the urban population and amongst young Indians. It was estimated that in the year 2001, the incidence of colorectal cancer cases would be 18,427 in males and 13,092 in females [1] .
Surgery for low rectal cancer has gradually evolved towards sphincter-preserving operations, egged on by innovations like improved surgical techniques, better suture materials, and most importantly the use of the circular stapler [2] [3] [4] . Improved quality of life and comparable recurrence and survival rates have been observed following LAR [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The introduction of circular staplers has revolutionized gastrointestinal surgery, particularly in colorectal anastomosis to the extent of almost single handedly resulting in the improved number of sphinctersaving operations performed [15] . The technique of SST was fraught with some technical difficulties, most notably, the difficulty of placing a precise purse-string suture in the distal rectum and the problem of the discrepancy in size between the rectum and colon for anastomosis. The introduction of the DST by Knight and Griffin seemed to have resolved these problems and has resulted in a greater number of sphincter-saving operations [16] [17] [18] [19] [20] [21] . One concern with the DST was the theoretical risk of increased anastomotic leak at the intersecting staple lines.
While DST is well established for over a decade, data from areas with comparatively lower incidence of colorectal cancers is lacking. In 2003, we implemented DST as a standard procedure for all low anterior resections and prospectively evaluated this technique with regards to the clinical anastomotic leak rates, operative times, blood loss, covering stoma rates, and post operative morbidity. Furthermore, we compared our experience with the outcomes of the previously performed SST (1999 to 2001) in an attempt to make an objective assessment of the perceived and reported advantages of this technique.
Patients and methods
Between 1999 and 2005, 216 patients with primary adenocarcinoma of the rectum underwent LAR, defined as resection of the rectum with extraperitoneal anastomosis. The data from the year 2002 was excluded owing to administrative changes with consequent lack of protocols and inadequate data maintenance. A comparative analysis was performed between the prospective analysis performed on 138 consecutive LARs performed from January 2003 to December 2005 using the DST and a retrospective analysis performed on 78 patients who underwent LAR from January 1999 to December 2001 using the SST.
Preoperative evaluation included a digital rectal examination, abdominopelvic computed tomography, and colonoscopy to rule out synchronous lesions, to perform a biopsy to confirm diagnosis of rectal cancer, and assess distance of the tumor from the anal verge.
All patients had standard bowel preparation with polyethylene glycol and were given prophylactic antibiotics on induction of anesthesia. As the concept of neoadjuvant treatment was still in the process of being introduced into routine protocols, only 2 patients (in the DST group) received preoperative radiotherapy.
Laparotomy was performed through a low midline incision with the patient in Lloyd-Davies position. The rectum and sigmoid colon was mobilized and inferior mesenteric vessels ligated and divided. Total mesorectal excision was performed. The bowel was divided proximally with a linear cutter. An angled rectal clamp was placed on the rectum distal to the tumor, and the rectal stump was irrigated per anum with dilute povidoneiodine. In patients with single-stapled anastomosis, the distal rectum was divided and an over-and-over 1-0 polypropelene (Prolene) purse-string suture was placed. In patients with double-stapled anastomosis, a linear stapler (Access 55, Ethicon, Johnson & Johnson) was used to close the distal rectal stump. A purse-string suture was placed in the proximal segment after introducing a well-lubricated anvil, and the anastomosis was completed by passing a circular stapler per anum (Autosuture/Ethicon, Johnson & Johnson) . The tissue doughnuts were inspected for completeness before being sent for pathologic examination. The integrity of the anastomosis was verified by air insufflation of the rectum with the pelvis filled with saline.
A single surgical team experienced in rectal cancer surgery performed all operations. A protective covering colostomy was added when tumors were below the peritoneal reflection, in obstructing growths where bowel preparation was considered unsatisfactory, and when completeness of the tissue doughnuts was in doubt.
Anastomotic leaks were defined by the presence of any of the following features: the presence of peritonitis caused by anastomotic dehiscence as noted by lower abdominal tenderness with fever and leucocytosis, the presence of feculent substances and gas from the pelvic drain, the presence of a pelvic abscess with demonstration of anastomotic leak by rectal examination, sigmoidoscopy, or contrast study.
Continuous data are expressed as the mean ± standard deviation. Statistical analysis was performed using the SPSS Version 14.0, Student T test, and Fishers exact test and chi square test for testing statistical significance. A p value of < 0.05 was considered as significant.
Results
The 216 patients undergoing LAR with SST and DST were well matched with regard to age and sex (Table 1) . A male predominance was noted in both the groups with the mean age of incidence being as low as 50.3 ± 13.9 years in the DST group. The mean distance of the tumor from the anal verge was 7.6 cm (2.5-15 cm) in the double-stapling group and 8.0 cm (range 4 -15 cm) in the single-stapling group. The histopathological stage of the two groups was also evenly comparable with the tumors being predominantly modified Dukes C.
In patients who underwent DST, there were 5 (3.6%) clinical leaks, requiring peritoneal lavage and a colostomy, disconnection with end colostomy, and conservative medical management, respectively. All five patients recovered. There were 62 (45.0%) covering colostomies. There was 1 patient with a (0.7%) tumor positive distal cut margin and 10 had (7.2%) tumor positive circumferential margin. The only mortality seen was due to a cardiac event and unrelated to the disease and the surgical procedure.
In patients who underwent SST, there were 7 (8.9%) clinical leaks and 51 (65.4%) covering colostomies. 4 patients had distal cut margin positive in this group (5.1%). There was no mortality in this group Blood loss, blood transfusion, and duration of hospital stay have been shown in Tables 2 and 3 . The anastomotic dehiscence rates were lower in patients undergoing double-stapling anastomosis than in patients undergoing single-stapling anastomosis but the difference was not significant (p = 0.12). However, the covering colostomy rates were lower in the double stapling group compared to the single stapling group and this difference was statistically significant (p = 0.006) ( Table 2 ).
The trend in patients undergoing APR and LAR resection was also evaluated from 1999 to 2005 (Table 4 ). The percentage of patients with rectal cancer undergoing a sphincter-saving operation has risen since introduction of the double-stapling technique for low anterior resection at our institution in 2003. Patients who underwent LAR using the single-stapling technique from 1999 to 2001 had LAR and APR rates of 40% and 60%, respectively. In 2005, 55% of patients with rectal cancer were treated with LAR and 45% with APR (Table 4) .
Discussion
The initial apprehension to the sphincter preservation was the ability to obtain sphincter preservation while maintaining oncologic radicality. A recent spate of reports demonstrating equal oncologic outcomes with improved quality of life [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] seems to have settled this issue beyond doubt. Numerous advances in colorectal surgery have paved the way for the increase in sphincter-saving operations. Firstly, the importance of the mesorectum in local recurrence was recognized [22] [23] [24] . Recurrence rates of < 5% have been reported with a distal margin of < 2 cm, provided the mesorectum could be completely excised [25] . Second, the introduction of circular stapling devices has facilitated colorectal anastomoses close to the dentate line. Third, the development of the DST further increased the performance of sphincter-saving operations for low rectal cancer [16] . These innovations have resulted in reported rates of APR to the tune of 23% and 27.8% for tumors located < 5 cm and 6 cm, respectively, from the anal verge [2, 24] . A distal margin of < 1 cm has been shown to be acceptable in distal rectal cancers [26, 27] , and APR is now reserved only for patients with very low tumors where an adequate margin cannot be obtained or the anastomosis is not feasible [3, 24] , or in patients with a poor sphincter tone -inherent, or due to destruction by the malignancy.
In the present study, we observed that the DST for LAR is associated with fewer complications, a lower anastomotic leak rate, and significantly fewer covering stomas than the SST.
Anastomotic dehiscence is a major concern following LAR for rectal cancer owing to the high morbidity and mortality [28] . Previous studies on LAR using the DST have reported acceptable anastomotic leak rates [21, [29] [30] [31] [32] . Table 5 shows some of the larger reported series of DST with their leak rates [21, [29] [30] [31] [32] . The clinical leak rate of 3.6% using the DST in the present study confirms these results. Few studies have compared clinical leak rates in patients undergoing LAR using SST and DST. Moritz et al. showed a trend towards a lower clinical leak rate in patients undergoing DST but this finding was not statistically significant [33] .
Concerns about anastomotic failure at intersecting staple lines appear to be unwarranted based on our findings. Several explanations might account for our improved outcomes using the DST. Probably, the most important factor that accounts for a better outcome after the use of DST is the ease of performance of the anastomosis. Since this procedure is being performed for low rectal lesions, the most daunting task is to be able to divide the bowel close to the levator ani muscles and perform a deep anastomosis within the confines of the pelvic cavity. The available area is further reduced in a male pelvis (our data records a higher number of treated male patients) and in obese patients. Moreover, bulky lesions, as seen in most Asian countries (perhaps due to lack of awareness and subse-quent delayed presentation) render division of the bowel distal to the tumour very difficult. Furthermore, this technique eliminates the technical difficulty of placement of a distal purse-string suture. Other advantages of double-stapled anastomosis are minimization of fecal contamination and spillage of tumor cells from the rectum that may occur during single-stapling anastomosis [17, 29] . Another possible advantage might be that this technique virtually eliminates inter-surgeon variability because of the mechanized nature of the linear stapler. Using this technique, it is plausible that the distal doughnut will be more precise independent of the surgeon performing the anastomosis. Use of a linear stapler to approximate the distal rectum may therefore provide more consistent results. Further, no studies have demonstrated an increased recurrence at the staple line following DST [29, 31] . Lastly, increasing familiarity with the same team performing the procedure over time probably does have a role to play in improved results. As regards this reason in the present study, it is worthwhile noting that the SST was also a technique practiced routinely by the same team prior to 2001-2002. Previous reports have shown decreased covering stoma rates in patients undergoing LAR with SST when compared with hand-sutured anastomosis [34] . We now report that fewer covering stomas are required following LAR using the DST compared to the SST. While a reduction in covering stoma rates can be due to a number of unrelated factors, the operating surgeon's subjective sense of comfort remains a crucial factor. It appears that a heightened sense of security regarding the integrity of the anastomosis, despite a new technique being attempted when one would expect a tendency to err on the side of safety, was at least in part responsible for reduced covering stoma rates following the DST compared to the SST. Consequently, stoma-related complications are also minimized [35] . In a country where stoma care facilities are still in the developmental stage and patients can yet face problems of social acceptance, our experience assumes significance. Also, the absence of covering protective stomas reduces the cost of its maintenance and future closure by an additional surgical procedure.
Conventional DST is mainly performed for tumors > 6 cm from the anal verge [31, 36, 37] . We have observed a rise in the percentage of patients undergoing sphincter-saving operations since the introduction of the DST. While increasing experience can certainly account for increasing number of sphincter preserving procedures, we believe that DST is also responsible for the improved deeper access and division of the distal rectum using the linear stapler, particularly when division occurs below the peritoneal reflection. However, our present results from the non-randomized nature of this study cannot fully substantiate this belief.
In India, with approximately half the incidence of rectal cancer compared to Western data [1] , there is a lack of data on stapling techniques following resection for low rectal cancer. Rectal cancer, in India, is more common than colon cancer and trends show a high incidence among young Indians [1] , a finding that can neither be explained by heredity nor traditional diet. The high incidence in younger patients makes sphincter preservation a more desired option in this subgroup.
Conclusion
This study represents the first large Indian experience comparing stapling techniques for LAR of rectal cancer. Our findings have opened the avenue for a more serious consideration of the use of DST in a population where cost effectiveness and bulky tumors at presentation [38] pose a major challenge to surgeons causing them to have apprehensions to the use of this technique, its feasibility and safety. However, larger numbers of patients are required to obtain statistically significant results and establish this technique as standard of care.
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